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Abstract.
The occurence rate of tidal disruption events (TDEs) by survey missions depend on the
black hole mass function of the galaxies, properties of the stellar cusp and mass of the central
black hole. Using a power law density profile with Kroupa mass function, we solve the steady
state Fokker-Planck to calculate the theoretical capture rate of stars by the black hole. Using a
steady accretion model, the Schechter black hole mass function (BHMF) and the cosmological
parameters, we calculate the detection rate of TDEs for various surveys which is then fit with the
observed TDE rates to extract the Schechter parameters. The rate tension between observation
(∼ 10−5 yr−1) and theory (∼ 10−4 yr−1) for individual galaxies is explained by the statistical
average over the BHMF.
Keywords. galaxies: nuclei, galaxies: luminosity function, mass function, Galaxy: kinematics
and dynamics, galaxies: statistics
1. Introduction
A star orbiting close to the black hole such that the black hole’s tidal gravity exceeds the
star’s self-gravity is tidally disrupted at the pericenter rp 6 rt, where rt = (M•/M⋆)
1/3R⋆
is the tidal radius and is called as tidal disruption events (TDEs) [Rees 1998]. The physical
parameters crucial for the study of TDEs are the black hole (BH) mass M•, specific
orbital energy E and angular momentum J , star mass M⋆ and radius R⋆. For a stellar
density ρ(r) ∝ r−γ in the galactic center and the mass function ξ(m) given by Kroupa
(2001), Mageshwaran & Mangalam (2015) (hereafter MM15) solved the steady state
Fokker-Planck equation (Merritt 2013) to obtain the capture rate N˙t ∝ M
−0.3
• . We use
TDEs as a probe to derive the BHMF from observed detection rate for various surveys.
Milosavljevic´ et al. (2006) have showed that TDEs makes a negligible contribution at
the higher end of luminosity functions. Stone & Metzger (2016) using the Schechter
luminosity function showed that the volumetric rate of TDE detection is sensitive to the
occupation fraction of low-mass black holes. Van Velzen (2018) using optical/UV selected
TDEs and forward modeling showed that luminosity function ∝ L−2.5.
2. Black hole mass function
We consider a separable form of BHMF Φ(M•, z) = µ(M•)X(z), whereX(z) = 1−δ(z)
with duty cycle δ(z) = 10−3(z/0.1)2.5 [Chen et al. 2007] and µ(M•) obtained using
Schechter luminosity function Φ(LR) = Φ⋆(LR/L⋆)
−αe−LR/L⋆ , where LR is the R-band
luminosity (Schechter 1976). Combining the Faber-Jackson law given by σ ∝ L
1/n
R and
M•−σ relation given by σ ∝M
1
λ
• , we have µ(M•) = (Φ⋆ǫ/Ms) (M•/Ms)
β exp(−(M•/Ms)
ǫ),
where Ms ∝ L
λ/n
⋆ , β = ǫ(1 − α) − 1 and ǫ = n/λ. We take n = 4 (Stone & Metzger
2016) and λ = 4.86 (Ferrarese & Ford 2005).
The peak accretion rate and time of peak accretion for a star disrupted at rt using
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Survey ts (yr) ND,obs
ASAS-SN 4 3
PTF 4 4
iPTF 4 2
PS-MDS 3.88 2
GALEX 10.16 3
Table 1: The TDE surveys with the
duration of survey ts and the number
of TDEs detected.
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Figure 1: The galaxy averaged theoretical capture rate
is shown in blue for various γ and red line shows best fit
< N˙t >∼ 2× 10
−5γ2 yr−1.
MM15, are given by M˙p = 7.9×10
25 g sec−1 k
3
2m0.8M
−
1
2
6 and tp = 38.55 days k
−
3
2m0.2M
1
2
6 ,
where k is spin-up factor taken to be 3, M6 = M•/(10
6M⊙) and m = M⋆/M⊙. Assum-
ing that the accretion rate follows the fall back rate, the peak luminosity is given by
Lp = GM•M˙/rin = 7.1×10
46 erg sec−1 k
3
2m0.8M
−
1
2
6 Z
−1(j), where rin = (GM•/c
2)Z(j),
j is the black hole spin and Z(j) is given by Bardeen et al. (1972). If we can calculate the
Lp and tp from observations, we can estimate M• and M⋆. We consider the steady ac-
cretion disk model of MM15 for a star on a parabolic orbit with rp = rt, to calculate the
peak luminosity Lp(M•, M⋆, z) in the given spectral bands with the corresponding time
tp(M•, M⋆, z) and assume the luminosity given by L = Lp ((tp + δt)/tp)
−5/3
in the de-
clining phase to calculate the duration of flare detection δf = tp[
(
Lp/(4πfld
2
L(z))
)3/5
−1]
where fl is the sensitivity of the detector. Assuming the probability of detection to be
P = Min[1, δf/(tcad+tint)], where tcad and tint are the cadence and the integration times
of the survey instrument, we calculate the maximum redshift zm(M•, M⋆) of detection.
The detection rate of TDEs for a given survey is given by
N˙D = 4πfsd
3
H
∫ 108M⊙
106M⊙
dM•µ(M•)
∫ 150M⊙
0.8M⊙
dM⋆ (dN˙t(γ, M•, M⋆)/dM⋆)
∫ zm
0 dz K(z),
where fs is fraction of sky observed, dH = c/H0, dN˙t/dM⋆ is obtained by integrating
eqn (48) given in MM15 over e¯ and ℓ, K(z) = (X(z)/(1 + z))(I2(z)/W (z)) and I(z)
and W (z) are given by eqn (86) in MM15. We calculate the number of detections in
survey time ts for the surveys given in Table 1 and compare it with the observed rate to
calculate the Schechter parameters.
3. Results
We found that γ = 0.9, is the most possible solution to match the observed Schechter
parameters and the best inferred Schechter parameters from our model fit is α = 1.093,
φ⋆ = 10
−4 Mpc−3 and L⋆ = 1.13 × 10
42 erg sec−1. The galaxy averaged capture rate
calculated using derived BHMF is < N˙t >∼ 2× 10
−5γ2 yr−1 as shown in Fig 1 which is
comparable with observed TDE rates ∼ 10−5 yr−1(Donley et al. 2002). The estimation
of BHMF from TDEs will improve with larger sample sizes which will be possible in the
near future with the upcoming surveys like LSST, eROSITA, and zPTF.
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